The attenuation of TeV γ -rays from distant blazars by the extragalactic background light produces collimated relativistic electron-positron pair beams. The pair beams traversing the intergalactic medium are unstable to linear two-stream instabilities of both electrostatic and electromagnetic nature. We investigate the case of weak blazars where the back reaction of generated electrostatic turbulence leads to a parallel plateauing of the electron energy spectrum. We determine the inverse Compton cascade flux reduction above a certain normalized energy x l resulting from the incorporation of plasma effects on the beam particles distribution functions. A rational function R S (x l ) is presented, which gives the exact reduction factor in the steadystate case as well a good approximation in the flaring case. For a typical blazar scenario, the cascade flux reduction factor above 10 GeV is ∼0.1. Application of our findings to the spectrum of 1ES 0229+200 shows that the incorporation of plasma effects leads to a natural explanation of the reduced observed GeV flux. Claims on the lower bound of the intergalactic magnetic field strengths, made by several authors to explain the flux reduction while neglecting plasma effects, are thus put into question.
I N T RO D U C T I O N
The new generation of air Cherenkov TeV γ -ray telescopes (H.E.S.S., MAGIC, VERITAS) have detected about 50 cosmological blazars with strong TeV photon emission. Blazars are a subclass of active galactic nuclei with high-energy photon emission from relativistic jets preferentially aligned to the observer's line of sight. Any of these more distant than redshift z = 0.018, corresponding to the interaction length
produces energetic e ± particle beams in double photon collisions with the extragalactic background light (EBL). This photon absorption process produces the observed high-energy cut-offs in the multi-TeV part of the radiation spectra.
The generated pairs with typical Lorentz factors γ = 10 6 are expected to inverse Compton scatter on the cosmic microwave background (CMB) radiation on a typical length-scale l ic = 0.75 γ 10 6 −1
Mpc.
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Given the still relatively short distance l ic as compared to l γ γ , both pair production and inverse Compton emission occur primarily in cosmic voids of the intergalactic medium (IGM) which fills most of cosmic volume. The inverse Compton interactions produce γ -rays with energies of the order of 100 GeV, which then are still energetic enough for further pair-production interactions giving rise to a full electromagnetic cascade as in vacuum. However, the cascaded GeV inverse Compton scattered γ -rays have not been detected by Fermi LAT (Neronov & Vovk 2010) . Based on the idea, that a strong (>10 −17 G) intergalactic magnetic field (IGMF) could deflect the charged pairs leading to intensity reduced extended emission and possible time lags in non-stationary situations, this prompted a number of authors (Neronov & Vovk 2010; Dermer et al. 2011; Dolag et al. 2011; Takahashi et al. 2011; Tavecchio et al. 2011; Taylor, Vovk & Neronov 2011; Vovk et al. 2012; Durrer & Neronov 2013) to derive constrains on the lower bound of the IGMF strengths and its correlation lengths. Moreover, assuming that blazars share a similar cosmological evolution as the underlying parent galaxy or black hole population (Venters 2010) , the deflected GeV cascade emission also is not seen in the observed diffuse extragalactic γ -ray background (Pfrommer et al. 2013) . The magnetic deflection processes of pairs and their inverse Compton emission out of our line of sight is on average balanced by deflecting other pairs and their inverse Compton emission into our line of sight, so that the resulting isotropic extragalactic γ -ray background remains invariant (Pfrommer et al. 2013) .
A solution to this vacuum cascade overproduction problem is offered by accounting for the plasma effects of the relativistic pairs generated in the first double photon interaction. It has been first pointed out by that the initially generated pair-beam is subject to two-stream-like instabilities of both electrostatic and electromagnetic nature in the unmagnetized, fully ionized IGM Schlickeiser et al. 2012b . The dissipation of the generated electrostatic turbulence due to non-linear plasma effects is different for intense and weak γ -ray blazars.
For intense γ -ray emitting blazars the beam density n b exceeds the critical density n c for the onset of the modulation instability ) by which all free pair energy is dissipated in heating the IGM as proposed by Broderick et al. (2012) and and thus the development of the cascade is completely prevented. The critical density depends on the IGM temperature T igm via n c = 4.8 × 10
(3) .
For weaker blazars, where the beam density is not high enough for the onset of the modulation instability, however a different dissipation mechanism sets in. Half of the beam energy is transferred into electrostatic and electromagnetic fluctuations. The back reaction of generated electrostatic turbulence relaxes the electron energy distribution to a plateau distribution in the parallel (to the original γ -ray direction) electron momentum ). 
where N igm denotes the gas number density of the IGM. The dominating part of the generated electrostatic turbulence is transferred to superluminal phase speeds, but the remaining small fraction (2 × 10 −7 ) is still sufficient to relax the initial beam distribution of pairs to the parallel plateau distribution. The subsequent pitchangle scattering by electromagnetic aperiodic fluctuations from the filamentation instability ) may then provide an electron plateau distribution in total momentum. However, the time-scale for plateauing in total momentum is not known by now, but in any case it is longer than the time-scale for parallel plateauing . As efficient modulational heating of the IGM is not possible, the superluminal electrostatic fluctuations are dissipated by inverse Compton scattering into transverse electromagnetic waves by the relaxed relativistic pair particles to optical frequencies, a process also referred to as electrostatic bremsstrahlung in the literature (Schlickeiser 2003) . Anyway the plateauing of the electron beam energy distribution function for weak blazars results in a natural reduction of the expected inverse Compton GeV cascade photon flux, although the cascade evolution is not completely prevented in this situation.
It is the aim of this work to investigate the exact suppression ratios of the inverse Compton flux in the GeV regime, caused by either parallel or total momentum plateauing and investigate the implications on current lower limits of the IGMF claimed by authors neglecting beam plasma instabilities. In the next section, we recapitulate some results of the initial beam distribution function, we calculate the plateaued spectrum and we discuss the beam evolution along the line of sight. In Section 3, we calculate the inverse Compton spectral flux densities for both a stationary and a flaring blazar scenario as well as the corresponding flux suppression ratio. In Section 4, we apply our results to observational data from the blazar 1ES 0229+200. The last section summarizes and concludes on the implications of our results on the IGMF strengths lower limits.
E L E C T RO N PA I R B E A M S P E C T RU M
For the electron pair beam spectrum, we recap some achieved results by Schlickeiser et al. (2012a) . The authors investigated the case of a typical blazar's high-energy photons spectrum with power-law differential distribution function according to 
2 , they give an analytical approximation for the differential electron pair beam number density, which reflects the overall energy dependence (in the case of Wien-type EBL-spectrum with spectral index q = 2), namely
Here, τ 0 denotes the optical depths for pair production. The function shows a steep exponential rise and peaks approximately around γ b = M c , where M c = −1 is the critical photon energy where pair production becomes efficient. For higher energies the spectrum decreases with a power law. It has also been shown by the authors, that the electrons will dominantly travel in the direction of the initial γ -ray. In this paper, we will approximate the initial (unrelaxed) electron spectrum as a monodirectional beam with a delta function in energy with peak energy γ b :
where μ is the cosine of the angle to the γ -ray direction. The benefit of this mathematical simplification, which only covers the dominant contribution of the electron distribution to the resulting inverse Compton spectral flux density, is the possibility to archive fully analytical results. Given that the time-scale for parallel beam relaxation due to plasma effects is substantially shorter than the inverse Compton radiation loss time-scale, we can regard a completely plateaued electron distribution as the source for continuous Compton scattering with the CMB. For the hypothetical case, the total momentum plateauing acts fast enough an isotropic plateau distribution can be regarded as initial configuration.
Plateauing of the electron distribution
The relaxation in parallel momentum is driven by a positive gradient in the distribution function f =
df dp > 0 and acts MNRAS 448, 3405-3413 (2015) Downloaded from https://academic.oup.com/mnras/article-abstract/448/4/3405/973593 by guest on 22 January 2019 as long as the condition df dp ≤ 0 holds for all momenta. Applying the ultrarelativistic energy-momentum relation p ≈ γ and transforming equation (7) to cylindrical coordinates p ⊥ = p 1 − μ 2 and p = pμ, we can evaluate the initial beam distribution function as
Obeying the particle number conservation we can formulate the associated parallel plateau distribution as
and the isotropic plateau distribution as
Rewriting equations (9) and (10) in spherical coordinates, leads to
and
Here we emphasize two important topics: First, we noted before that the plateauing in parallel momentum by the generated electrostatic turbulence operates on the time-scale τ r substantially shorter than the inverse Compton cooling time-scale τ ic . The subsequent plateauing in total momentum due to angular scattering by transverse electromagnetic aperiodic fluctuations takes significantly longer . The anisotropy of the electron-positron pairs with the plateau-distribution in parallel momentum (equation 11) or their isotropy if fully relaxed to the plateau-distribution in total momentum (equation 12) makes no difference in calculating the spectral flux density of inverse Compton scattered γ -rays as long as the target CMB photons are isotropically distributed, as the inverse Compton power of a single electron is independent from its propagation direction. An observer will then just receive a fraction of (4π) −1 in direction of his line of sight, as we highlight in Appendix B. Although it can be argued, that in this case of isotropic electrons, the contribution to the inverse Compton flux from isotropic electron beams of the whole Universe's blazar population accounts for the misdirected inverse Compton flux of the single individual observed blazar. This is essentially the same argument as given by Pfrommer et al. (2013) , that the diffuse γ -ray flux stays invariant in the case of a strong IGMF, just by replacing the magnetic deflection with pitch angle scattering by aperiodic electromagnetic fluctuations from the filamentation instability. Anyhow we will carry out all calculations for the parallel plateau spectrum (11) only and infer the corresponding results for a single blazar in the isotropic case (12) by an additional factor of (4π) −1 . Secondly, the recent numerical work of Sironi & Giannios (2014) disputes that the ultrarelativistic pairs relax fully to a plateau distribution in parallel momentum. Instead they find that the beam retains some of the high-energy bump in momentum space. Here, it has to be noted that in intergalactic space the ratio of TeV blazar pair beam to background electron densities R b = n b /N e 10 −15 is much smaller than unity. This ultrasmall density ratio makes an exact numerical particle-in-cell (PIC) plasma simulation of this physical situation impossible, because the required dynamic range is out of reach with present computer power. The PIC simulations of Sironi & Giannios (2014) can only handle much larger density ratio R b > 10 −3 , and then rely on questionable extrapolations to realistic ultrasmall density ratios R b 10 −15 . On the other hand, the ultrasmall density ratios favour analytical perturbation instability analysis by expanding the plasma dispersion relations around R b = 0 as done in the kinetic linear instability analysis of Schlickeiser et al. (2012b) . Moreover, the beams of Sironi & Giannios (2014) have more energy than the background plasma, corresponding to γ b R b > 1, which again for γ b ∼ 10 6 is not fulfilled for TeV blazar pair beams where γ b R b 10 −9 . And indeed, when Sironi & Giannios (2014) presented simulations in which the energy of the beam was less than the rest mass energy of the background plasmas, they found distributions close to the parallel plateau distribution function, in agreement with our assumption.
The evolution of pair beam spectra undergoing inverse Compton scattering

The kinetic equation
For evaluation of the evolution of the pair beam spectra undergoing continuous inverse Compton scattering we will use the kinetic equation
which holds under the assumption of ultrarelativistic propagation with the speed of light c along the linear space coordinate r for all electrons. This linear space coordinate travels along the line of sight to a blazar. The point r = 0 indicates the location of blazar γ -ray emission. The inverse Compton loss constant is denoted by
where σ T is the Thomson cross-section and U cmb the CMB energy density. The injection rate Q is due to the first generation of electron-positron pairs from double photon annihilation and does not include later secondary pair production.
For necessary mathematical simplification, we will not incorporate the redshift dependence of the CMB energy density. Also we made use of the valid assumption that the electrons do not change their angular distribution during the inverse Compton scatting events, which is therefore omitted in equation (13). Green's function of expression (13) reads
The derivation of equation (14) can be found in the Appendix A. The electron distributions n(γ , r, t) can now be inferred via
We will evaluate equation (15) for a steady state and a flaring scenario in the following. The first scenario corresponds to the standard case of Broderick et al. (2012) , where the blazar beams, are spatially extended over cosmological distances. Although we will make a drastic simplification to the situation apparent in reality, that is we replace the gradual γ -ray absorption and pair creation process with an instantaneous injection of the total beam density. The total beam density n b is related to the blazar spectrum as every γ -ray photon produces one electron-positron pair at maximum. We choose the injection point as l = l γ γ (E s ), the pair production interaction lengths for a specific characteristic photon energy E s . Figure 1 . Sketch of the simplified geometry of applied to the problem. We approximate the gradual creation of electron-positron pairs with a prompt injection of the whole beam at a distance l = l γ γ (E γ ). The resulting inverse Compton spectrum is observed at a distance d. The wavy line represents the γ -ray emission, while the straight line represent the pair beam. The beam will at any point produce cascade photons by inverse Compton scattering with the CMB. However, assuming an instantaneous injection at distance l, at a distance d Es the electrons will be cooled down in so far that they are not able to produce photons with energies greater than E s anymore.
Anyway we will see that the specific choice of the energy is in our scenario irrelevant, because the inverse Compton flux is determined by integration of the emissivity along the complete path to the observer and it is sufficient to integrate until the value of r = d Es , as displayed in Fig. 1 .
However, the flux of high-energy γ -rays from blazars, initiating the double photon pair production, might be time varying, especially if the blazar undergoes a powerful flaring event with duration t f . In general, a typical blazar light curve can be modelled with an underlying steady-state emission overlain by a time restricted flaring emission. Regarding only the contribution from the flaring emission, the out-streaming beam will be spatially restricted to length of ct f . Such a scenario would be appropriate for example if a source is only visible during its flaring state or the flaring greatly overwhelms the steady emission. We consider each case in turn by the same kinetic equation (13) just by modifying the injection process Q.
Steady-state scenario
We can infer the injection processes Q from the densities (7) and (11), by omitting the angular dependence, multiplication by the velocity c and the introduction of a delta function corresponding to injection at r = l. The corresponding source terms then read
respectively. Following Green's formalism, integration of the source terms leads to the stationary spatially dependent electron distributions
Flaring scenario
For the flaring injection of a monoenergetic and a corresponding plateau spectrum at r = l with flare duration t f , the source terms
Performing the integration yields the result
In this solution, the two Heaviside functions correspond to a span of the electron distribution of lengths ct f in space along the direction of sight moving with velocity c. Having determined the electron beam distribution function in dependence of time and space we are now able to calculate the resulting inverse Compton radiation spectral flux densities.
I N V E R S E C O M P TO N E M I S S I O N A N D S U P P R E S S I O N R AT I O S
In the delta function approximation of the Compton cross-section for scattering with a monochromatic isotropic CMB with characteristic energy cmb and number density n cmb the spatially and time-dependent emissivity of photons with normalized energy
with
where μ s is the cosine of the inclination angle to the initial electron direction (a motivation for equations 23 and 24 can be found in the Appendix B). This means for our scenario that the emitted photons also form a monodirectional beam. In this case, the spectral flux density for an observer at distance r = d to the injection can be calculated by integration along the line of sight via
The time shift in the argument of the emissivity in equation (25) accounts for proper handling of the retardation. In the steady-state case, this can be of course neglected, because the emissivity is time independent. However, this effect is important in the flaring case.
Steady-state scenario
It is convenient to evaluate the inverse Compton spectra in the steady-state case first. Beginning with the unrelaxed distribution (18) the emissivity (24) takes, after integration over the delta function, the form
where X = 4m e c 3 n cmb cmb n b σ T γ 6 b . To perform the integration along the path for the spectral flux density, we rewrite the first Heaviside function as function of r and get
where the three argument Heaviside function is defined via
It is convenient to evaluate the integral in a far distance limit, meaning the upper bound of the integration is determined by the latter Heaviside function in equation (27) and not by the distance d to the injection point. This leads to the requirement
with E cmb = m e c 2 cmb , in dependence of the photon energy E s in eV. With equation (28), we can evaluate for a given energy E s the exact distance necessary for all photons above E s to be emitted. For distances greater than d Es the electrons have already cooled down in so far that they are not able to produce photons with energies above E s anymore. For a typical value of γ b = 6.25 × 10 6 , all photons above 10 GeV have been emitted in a distance of only 0.14 Mpc from the beam injection point. For typical blazar distances this is well fulfilled.
The result of equation (27) then is 
where we denoted a = D 0 c (r − l). Via partial fraction decomposition the integrand can be converted to elementary functions. Integration yields
To determine the spectral flux density (25), we integrate over a instead r with the substitution dr = c D 0 da giving Evaluating equation (32) in the far distance limit as before we can express the solution in the simple form Fig. 2 shows the corresponding xF x diagrams to the spectral flux densities (29) and (33). The xF x diagram for an unplateaued electron distribution shows a power-law slope x 0.5 with cut-off at maximum energy x = 1, characteristic for a cooling electron population. The parallel plateauing results in a decrease in the energy output for all energies, while at low energies the spectral shape is asymptotically the same as in the unplateaued case. The maximum of the xF x diagram is reached at slightly lower energies, whereas the highenergy cut-off also occurs at unity.
Flaring scenario
As mentioned before in a realistic scenario an underlying steadystate emission can be overlain by a flaring emission. In this section, we investigate the contribution to the inverse Compton spectral flux density from the flaring emission only.
Beside the restrictive time-dependent Heaviside functions, the energy dependence of the electron distributions in the flaring case (22) and the steady-state cases (18) and (19) is the same. Because of that the γ -integration for evaluation of the emissivities along the direction of motion stays the same and we get the result
Evaluating equation (34) at the retarded time gives a relation of the time dependent to the time independent emissivity
The reason that the time dependence in equation (35) is only contained in the Heaviside functions, is the fact that the electrons in our model travel with velocity v = c. This means the electrons travel at the same speed as their inverse Compton emission, and thus the emitting particles and their radiation do not separate spatially. The time dependence of the secondary emission is thus directly connected to occurrence of the electron-positron pairs, which in turn have a direct connection to the primary γ -ray activity. The limit v ∼ c is of course unphysical due to the rest mass of the electrons. However, the time-scale on which the emissivity should show a time dependence can be approximated by the actual difference in travel time of photons and electrons. For electrons with a typical Lorentz factor of γ = 10 6 and velocity v = cβ ≈ c(1 − 1 2γ 2 ), the time difference for a path of one inverse Compton cooling length is t = l ic 1 v − 1 c ≈ 40 s, which is small compared to typical observable blazar flaring time-scales. The further integration along the path according to equation (25) will thus stay the same and we get the result
These spectral flux densities coincide with the spectral flux densities in the steady-state case, apart from the Heaviside functions which account for the blazar flaring duration t f and time retardation for the observer at distance d to the γ -ray source. This is an important result, as we have seen the structure of the inverse Compton flux densities is the same in a steady state as in a flaring scenario. In the following flux suppression ratio calculation the magnitudes of the spectral flux densities, which are directly connected to the blazar γ -ray activity, cancel out leaving a time-independent ratio for any situation.
Flux suppression ratio
Having determined the expression for spectral flux densities, we are now able to calculate the respective reduction factors caused by the beam plateauing. It is useful to calculate the ratios of emitted fluxes above a certain energy. This is convenient for a fast and easy estimation of the reduction effect in previous publications, where plasma effects have been neglected. We have to remember here that by now we have not calculated the spectral flux densities for the case of total momentum plateauing. According to equation (B7), the resulting inverse Compton emission along the line of sight will be the same as in the parallel plateau scenario apart from an additional decrease by a factor of (4π) −1 , if we used the initial differential number density (12) valid in this case.
As particular ratio of observational interest, we will calculate the ratio of inverse Compton flux emitted above certain energy. In example this reads
In the steady-state case, we can evaluate the flux ratio (37) with the steady-state spectral flux densities (29) and (33) yielding
This time-independent function (38) is displayed in Fig. 3 . For x l = 0, meaning for the bolometric inverse Compton flux, the ratio R S has a value of 0.5, which is exactly the energy fraction lost by the beam particles during the plateauing. For higher values the function is monotonically decreasing to zero. Calculating the ratio for the normalized energy x l = 0.56 corresponding to 10 GeV for an initial beam Lorentz factor γ b = 6.25 × 10 6 results in R S,10 GeV = 0.097.
This means for a typical blazar scenario that only an energy fraction of ∼9.7 per cent is emitted in cascade photons above 10 GeV the typical FERMI range, when the beam is parallel plateaued. Total momentum plateauing will decrease the ratio to a resulting value of ∼0.7 per cent, when the contribution of the single blazar is considered only.
A P P L I C AT I O N TO 1 E S 0 2 2 9 +2 0 0
As an application of our results, we used the derived steady-state spectral flux densities to fit GeV to TeV data from the blazar 1ES 0229+200. The Fermi data have been extracted from Vovk et al. (2012) and the H.E.S.S. data from Aharonian et al. (2007) . We have plotted the resulting steady-state xF x diagrams meaning the sum of the calculated cascade emission and the absorbed intrinsic emission. The EBL absorption of the intrinsic spectrum was accounted by the EBL model from Finke, Razzaque & Dermer (2010) . We used the energy dependent optical depth from their 'model C' 1 for the reported redshift of z ∼ 0.14 by Woo et al. (2005) . Fig. 4 shows a soft and a steep intrinsic spectrum scenario (p = 1.5 and p = 1.2, respectively) according to a photon spectrum I(E) = I 0 E −p exp ( − E/E cut ) in units of eV −1 cm −2 s −1 , with cut-off energy E cut = 5TeV and respective xF x diagrams E 2 I(E). These scenarios are the very same as is Vovk et al. (2012) and we tuned the initial beam density n b in such a way, that the xF x diagram peak values for the unplateaued case coincide with the peak values for a vanishing IGMF from their publication. This artificial adoption gives us on the one hand an easy visual check of the reduction effect applied to their study, on the other hand we can avoid a problem with the beam density estimation incorporated in our model. The straightforward calculation of the beam density n b , resulting from the intrinsic γ -ray spectrum, would lead to an overestimation of the xF x diagram peak value because of the used monoenergetic electron spectrum approximation. Neglecting the high-energy power-law part in the electron spectrum, our model is unable to reproduce cascade photons of energies above E s = 2E cmb γ from Fig. 4(a) , in the soft intrinsic spectrum scenario the data are best fitted by the intrinsic spectrum (meaning the complete absence of cascade photons) or by the total momentum plateauing scenario (considering the contribution from the blazar itself only), which also leads to no significant contribution in the overall xF x diagram. Anyhow disregarding of plateauing overpredicts the emission for the lower three data points, whereas the parallel plateauing misses only the lowest data point. The steep intrinsic spectrum scenario is clearly fitted best by the parallel plateau scenario, while disregarding of plateauing again leads to an overprediction in the 10 9 -10 11 eV regime. A fast isotropization would lead to an underprediction at lower energies.
S U M M A RY A N D C O N C L U S I O N S
The TeV γ -ray emission from distant blazars is attenuated by photon-photon pair production with the EBL. The generated e ± beams' energy distribution functions are unstable to two-stream instabilities of both electrostatic and electromagnetic nature in the unmagnetized IGM. For intense γ -ray emitting blazars the beam density exceeds the critical density for the onset of the modulation instability (n b > n c = 4.8 × 10 −25 (T igm /10 4 K) 2 cm −3 ) by which all free pair energy is dissipated in heating the IGM and thus the development of the cascade is completely prevented. We investigated the case of weak blazars, where the back reaction of generated electrostatic turbulence causes a relaxation of the electron pair beam distribution to a parallel plateau. Subsequent pitch-angle scattering by electromagnetic aperiodic fluctuations from the filamentation instability may then provide an electron plateau distribution in total momentum. However, the inverse Compton cascade is not completely prevented in this situation. We calculated the temporal and spatial evolution of the respective beam distribution functions for continuous Compton scattering with the CMB with a relativistic kinetic equation, for the case of an unplateaued and a plateaued spectrum. Evaluating the resulting radiation in the ultrarelativistic Thomson limit, we have shown that the plasma instability induced plateauing has a drastic reduction effect on the expected emission in the GeV range.
Having determined the inverse Compton flux reduction factor above a certain normalized energy x l = E l 2E cmb γ 2 b for as well a steady state and a flaring scenario, where we also derived the reduction factor for time averaging observations, we have argued that for most time averaging observations the reduction factor will be given by equation (38) . For a typical blazar scenario, the flux reduction above 10 GeV is 0.1.
Applying the derived steady-state spectra to the γ -ray spectrum of the blazar 1ES 0229+200, we have shown that even in this case the emission reduction is sufficient to eliminate naive overpredictions of the cascade flux. In the steep intrinsic spectrum scenario proposed by Vovk et al. (2012) , the parallel momentum plateauing leads to a reasonable (given the natural need of simplicity of our analytic study) fit to the GeV data. Total momentum plateauing is capable to explain the absence of any excess in this energy range as present in the soft intrinsic scenario, since it provides an additional reduction factor of (4π) −1 . In any case there is no need for an artificial postulation of a strong IGMF to model the GeV cascade emission of the exemplary blazar 1ES 0229+200, when incorporating the plasma beam relaxation.
However, we do not doubt the existence of weak turbulent IGMFs (Schlickeiser 2012b; Schlickeiser & Felten 2013; Yoon, Schlickeiser & Kolberg 2014) . The derived flux reduction factors can serve aside of the full spectra as quick and easy tools for estimating the reduction effect due to beam plateauing in other publications. In particular, this effect leaves a wider parameter space for the actual IGMF's strengths and correlation lengths since there now cannot be set a lower limit of around 10 −17 -10 −14 G of magnetic field strengths at correlation lengths between 10 −6 and 4 × 10 3 Mpc the Hubble lengths, as reported for example in Taylor et al. (2011) .
One negative feature of our model, disregarding the power-law part of the spectrum and thus the absence of higher energetic cascade photons, is responsible for the dip at intermediate energies in the EF E diagram, where the cascade emission and the absorbed intrinsic emission connect. This is especially visible in Fig. 4(b) . Detailed studies with a more realistic ansatz for the initial electron beam spectrum could eliminate this flaw. We have to remark also that in this case the flux reduction effect will be slightly smaller than in this calculation. Due to the fact that the negative gradient power-law part of the spectrum will be unaffected by the plateauing above a certain energy and thus in both cases the high-energy cascade flux will resemble. The addition of an equal contribution to both spectra will cause a relative convergence of the peaks. Nevertheless, we expect this effect to be small enough for leaving our conclusions valid.
